The recombination activating genes, rag1 and rag2 are essential for the rearrangement of antigen receptor V, D, and J gene segments (Oettinger et al., 1990 , Mombaerts et al., 1992 Sehatz and Oettinger, 1992; Shinkai et al., 1992) . Both genes are found in all species that are known to rearrange their antigenspecific receptors. The coding regions as well as the genomic organization of the rag locus are highly conserved throughout evolution. Rag1 and rag2, which are convergently transcribed, are separated by an intergenic region of DNA that varies in size among species, being, for example, about 11 kb in the human (Homo sapiens), 8 kb in the mouse (Mus musculus), 5.2 kb in the frog (Xenopus laevis), 2.8 kb in the rainbow trout (Oncorhynchus mykiss) (Oettinger et al., 1990; Ichicara et al., 1992; Greenhalgh et al., 1993; Greenhalgh and Steiner., 1995; Hansen and Kaattari, 1996) , and 2.6 kb in the zebrafish (Danio rerio).
Although ragl and rag2 have been intensively studied, little is known about specific transcriptional control mechanism(s) that regulate their expression. In general, they are coordinately expressed. Only in the chicken bursa, the mammalian brain, and in Xenopus oocytes is the expression of one gene found without the other (Carlson et al., 1991; Chun et al., 1991; Greenhalgh et al., 1993) . The coordinate expression of the rag genes may be mediated by common regulatory elements located in the 3' intergenic region. Dobbeling and colleagues (1996) have recently provided evidence that elements regulating transcription of the murine rag locus may be contained within the 3' intergenic region. 3' regulatory elements are known to contribute to the regulation of several lymphoid specific genes, including the immunoglobulin and TCR genes (reviewed in Staudt and Lenardo, 1991; Leiden, 1993 (Magor et al., 1994) . Because the rag intergenic region of teleosts is particularly small (Hansen and Kaattari, 1996; Willett et Although the nucleotide sequence of enhancers in vertebrates may not be well conserved, studies with the immunoglobulin heavy-chain enhancer in the channel catfish (Ictalurus punctatus) and in the trout suggest that the function and regulatory mechanism(s) acting on enhancers are retained throughout vertebrate evolution. The catfish heavy-chain enhancer functions in a B-cell-specific fashion in murine lymphocyte cell lines (Magor et al., 1994) . Conversely, the murine heavy-chain enhancer is functional as a transgene in the trout (Michard-Vanhee et al., 1994) . Figure 2 summarizes some of the potential regulatory motifs identified in this region by GCG software. Among the enhancer-associated sites identifled are motifs for Cu E4.1, Cu E3.1, E2A, and Ets-1 (see Staudt and Lenardo, 1991, for references), which, as in the catfish (Magor et al., 1994) , are dispersed over a region, of over 2 kb.
There is a cAMP response element in the rag intergenic region at bp 1951. In mammalian species, increases in cAMP results in an increase of ragl and rag2 mRNA, indicating that rag expression may be regulated, in part, by cAMP-dependent signaling pathways (Menteski and Gellert, 1990; Bertrand and Wu, unpublished observations) . Finding this element in the intergenic region suggests that at least some regulatory activities of the rag locus may be attributed to this region.
It has recently been reported that in the trout ragl and rag2 share overlapping 3' untranslated regions (UTR) (Hansen and Kaattari, 1996) . In the zebrafish, the ragl and rag2 3' UTR's are approximately 2.3 and 0.8 kb, respectively, assuming a 5' UTR of about 100 base pairs (Willett et al., 1997) . Thus, these transcripts are likely to overlap through the intergenic region. The intergenic region contains multiple potential polyadenylation sites for both ragl and rag2. The presence of overlapping transcripts and multiple polyadenylation sites in both trout and zebrafish increases the likelihood that expression of ragl and rag2, in teleosts may involve posttranscriptional regulation through antisense RNA signals (Hansen and Kaattari, 1996) .
A striking feature of the RAG intergenic region is a ca. 100 base pair region (1409 to 1506; see Figure 1 ) with 91% homology to a zebrafish DANA m-1 SINE Map of zebrafish rag intergenic region, indicating the end of the 3' coding regions of ragl and rag2, the 2.6-kb region of the zebrafish rag intergenic region, and the location of the DANA SINE element. Also shown is the cAMP response element (cAMP RE). (Izsvak et al., 1995) , found by searching the nonredundant (NR) nucleic acid database with the NCBI BLAST server. This sequence falls within the C3-V3-C4-V4 region of the DANA element. Similar sequences are found in the ependymin, MHC-H, and the no-tail genes of the zebrafish (Izsvak et al., 1996 , and references therin). As DANA elements are common in the zebrafish genome, the presence of this remnant in the rag locus is most likely fortuitous.
However, in light of hypothesises suggesting that the rag genes originated from a transposition event (Sakano et al., 1979; Hood et al., 1983; Davis and Bjorkman, 1988; Oettinger et al., 1990;  Thompson, 1995) (Gosh, 1990) 
